
Measurements of neutrino 
charged current interactions 

at SciBooNE

Yasuhiro Nakajima (Kyoto Univ.) 
for the SciBooNE collaboration

April 12th, 2008
APS08 Meeting at St. Louis, MO





Y. Nakajima (Kyoto U.)   April 12, 2008  APS April Meeting

SciBooNE

SciBooNE

SciBooNE

1

Overview

2

-50 0 50 100 150 200 250 300

-150

-100

-50

0

50

100

150

SciBooNE
Detector

Contents

νμ

μ-

p

νμ μ-

W

N X

Motivation

CC event selection

Primary muon analysis

Summary

νμ Charged-Current 
(CC) interaction

SciBooNE data 
CC candidate



Y. Nakajima (Kyoto U.)   April 12, 2008  APS April Meeting

SciBooNE

SciBooNE

SciBooNE

1

Motivation
Neutrino spectrum/flux 
measurements with small 
systematic uncertainties.

Very pure νμ CC sample by 
identifying muon.

Reconstruct neutrino energy 
from muon kinematics.

3

Essential for any other exclusive 
cross-section measurements.

Short-baseline neutrino oscillation 
search with MiniBooNE. 

CCFR

CDHS

MiniBooNE only

Preliminary

MiniBooNE+SciBooNE
νμ disappearance search 
-Sharing the beam line
-Same target: (SB: CH, MB: CH2)

Significantly 
improved  w/ 

SciBooNE
Δm

2  
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CC event selection (1)
Assume the longest 
track as muon track.

Require the vertex is in 
SciBar FV(10 tons)

4

SciBar EC MRD

Vertex

Endpoint

SciBar FV
MRD FV 

for stop ID

Track reaching to MRD

MRD-matched event
Define data/MC normalization

Track endpoint 
contained in MRD

MRD-stopped event
Used for momentum reconstruction ~96% pure CC sample
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CC event selection (2)
2 μsec beam timing 
window.

Less than 0.5% cosmic 
background 
contamination.

7.67E19 POT (77% of 
collected ) used for this 
analysis.

24K MRD-matched events.

17K MRD-stopped events.
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Vertex distribution
SciBar-MRD matched event (Used for data/MC normalization)

Data agrees with MC well.
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Muon reconstruction
Get muon angle w.r.t. the 
beam axis (θμ) from track 
direction in SciBar.

σ(θ) ~ 1.5 deg.

Reconstruct muon 
momentum (Pμ) with the 
track path-length.

σ(P) ~ 50MeV/c          
( for P ~ 0.8GeV/c )

Eν and Q2 can be  

reconstructed by θμ  and Pμ 

only. (assuming CC Quasi-
Elastic (QE) interaction)

7

SciBar EC MRD

θμ

Pμ

⎧｜⎨⎩

1.4 MuonRangeReconstruction 3

1.4 MuonRangeReconstruction

Finally, associated MRD hits for a SciBar 3D track are defined as the combination of the associated hits for
the SciBar 2D track projection pair.

To reconstruct the number of layers which muons penetrate, the MRD hits are searched from the upstream
counters.

• If there is no hit on 2 continuous plane (say, i-th and (i+1)th plane), then the muon is penetrated to
the center of iron plate between (i-1)th and i-th plane.

• The muon is assumed to be stopped if i is not equal to 13 (last plane) and if there is no hit on the
side-end counters on (i-2)th and (i-1)th plane.

There are a few exceptions:

• If there are hits until 12th plane and no hit on 13th, we assume the muon is reached to the iron between
12th and 13th.

• If there is a hit only on 1st plane, only the side counters on 1st plane are used for stop identification.
In that case, we don’t have hit position information for X direction, but requirement of MRD incident
position , which is described later in this document, works as an substitute.

The rough sketch of the above method is shown in Figure 2.

MuonRangeReconstru
ction (stopping point)

Find MRD hits to associated to “SciBar 

3D tracks” and scan them from the 

upstream.

“Stopped” if there are no hits in 2 

continuous plane, no hit on 13th (last) 

plane, and no hit on side-end counters

Hit

HitNo 

hit

No 

hit

“Stopped” here

Ignore

Figure 2: Definition of the MRD stopped position.
In this case, the muon is assumed to be stopped at
the center of the 2nd iron plate.

The path-length of the particle is calculated assuming a strait path from the vertex in SciBar to the
stopped point in MRD. Then, we sum up the energy deposit in SciBar, EC and MRD to reconstruct the
kinetic energy. For SciBar and EC mean MIP energy deposits are assumed. For MRD, we use range-to-energy
look-up table used in K2K MRD.

The momentum is reconstructed assuming muon mass.The parent neutrino energy is reconstructed as-
suming CC-QE interaction as given by the following formula,

Eν =
m2

p − (mn − V )2 −m2
µ + 2(mn − V )Eµ

2(mn − V − Eµ + pµ cos θµ)
,

where mp, mn and mµ are the mass of proton, neutron and muon, respectively, and V is the nuclear potential
energy (= 27MeV ).

The reconstructed q2 is given by,

q2 = 2Eν(Eµ − pµ cos θµ)−m2
µ.

1.4 MuonRangeReconstruction 3
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Summary
Neutrino flux measurements using CC interaction.

Essential for any exclusive cross-section 
measurements and Short base-line neutrino 
oscillation search with MiniBooNE.

High purity CC-sample by requiring SciBar-MRD 
matching.

Understanding muon distribution.

Neutrino spectrum fitting.

10

Working on
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Backup Slides
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Muon θX and θY

Muon angle 
discrepancy 
can seen in 
both X and Y 
directions.
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Acceptance (theta, Pmu)
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Acceptance (Enu, Q2)
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Angle, Pmu resolution
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Enu, Q2 resolution
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Angular discrepancy 
for MRD event
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